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It is demonstrated that high critical temperature of superconducting transition in cuprates and 
new iron-based superconductors is reached because of the Little- Ginzburg exciton mechanism of 
HTSC when Cooper pairing of mobile charge carriers is mediated by excitons which characteristic 
energy is essentially higher than Debye one for phonons. The effectiveness of such mechanism 
in these doped compounds is provided due to a series of planar Ginzburg HTSC-'sandwiches': 
'insulator'-'metal'- 'insulator' (stripe structure) naturally forming in conducting planes below the 
onset pseudogap temperature in the normal state. The parameters of mobile, planar charge-transfer 
(CT) excitons in outer 'insulating' plates of such in-plane HTSC- 'sandwich' are exactly within the 
optimal range predicted by Ginzburg about forty years ago. 
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1. Introduction. The discovery of supercon- 
ductivity in iron-based compounds [l| permits one 
to consider them as a new (copper-free) class of 
high-T c superconductors. Indeed, there are some 
difference of detailed properties of concrete com- 
pounds due to features of their band structure, but 
they exhibit a number of another properties which 
bring them together with cuprates, for example, 
layered structure, transition to a class of super- 
conductors under doping of parent, nonsupercon- 
ducting compounds etc. (for review, see [2j, La]). 
However, in spite of a large number of works ap- 
pearing since discovery of new iron-based super- 
conductors (~ 100 papers per month that is of 
course less than, but compared with, speed of ap- 
pearance of publications on the study of proper- 
ties of cuprates: ~ 400 papers per month, in first 
ten years after their discovery (see, e.g., [J]), mech- 
anism of superconductivity in new iron-based su- 
perconductors (as well as in cuprates) remains to 
be unclear (cf. 0, HI). In this work, there are 
presented the evidences indicating that reaching of 
high temperature for superconducting transition in 
cuprates in 1986/87 (and in iron-based compounds 
in 2008) appears to be demonstration of successful 
realization of the old idea by W. A. Little [f| and 
V.L.Ginzburg Q on synthesis of high-temperature 
superconductors with exciton mechanism of attrac- 
tion between conduction electrons. Moreover, the 
picture obtained evidents also that this mechanism 
is first realized effectively, just as it was predicted 
by Ginzburg (see, e.g. 0, @, Q), in inhomoge- 
neous system consisting of three layers (HTSC- 
sandwich): insulator- metal-insulator (which is pre- 
sented in these compounds in planar form), when 
conduction electrons (mobile charge carriers) in 
metallic spacer of sandwich are paired near the 
Fermi surface due to interaction with excitons in 
outer insulating plates at temperature which ex- 
ceeds significantly the phonon limit (T£ h < 40 K, 
for details, see, e.g., @,H, 



2. Exciton mechanism of high-T c supercon- 
ductivity: the sandwich-like systems. As 

known, in exciton mechanism of HTSC, proposed 
in pioneer works by Little [f| and Ginzburg Q 
to increase critical temperature of superconducting 
transition T c , the exhange of conduction electrons 
by virtual phonons at Cooper pairing is replaced to 
exchange by virtual excitons which characteristic 
energy huj ex is essentially higher than Debye one 
hu>D, characteristic for phonon mechanism. The 
consideration is performed in frames of BCS model 
in which the critical temperature is determined as 
(see, e.g. 0) 



T c = @exp(-l/g). 



(1) 



where O ~ Q ex — Hu) ex /kB is the characteristic 
temperature of the excitons, uj ex is the character- 
istic frequency of excitons, g = N(£p)V is the ef- 
fective constant of interaction, N(ef) is the den- 
sity of electronic states at the Fermi level ej? in 
the normal state, V is the matrix element of in- 
teraction. As it was demonstrated in 0, H, H , the 
following set of parameters is optimal to obtain 
high-temperature superconductivity on the basis 
of the exciton mechanism 



e e 



hu ex /k B ~ 10 3 + 10 i K 



g = 9ex > 1/5 -T- 1/3 



(2) 



Further, in works by Ginzburg (see, e.g. [EH]), 
it was concluded that because of strong excitonic 
damping in usual three dimensional (3D) met- 
als, the using of inhomogeneous systems: one di- 
mensional (ID) (see |5[) or two dimensional (2D) 
[E S H, i s mos t effective for realization of ex- 
citon mechanism. The preference of 2D-systems 
is, in particular, in smaller level of fluctuations 
as compared with ID case. From results of anal- 
ysis (see monography and references therein) 
it followed that 3-layer (sandwich-like) system: 
insulator- metal-insulator (I/M/I) (Fig. la) is op- 
timal system for realization of such mechanism. 
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The insulating media of outer plates of sandwich 
should exhibit clearly pronounced excitonic prop- 
erties. As follows from theoretical estimations 
(see, also [13]) for effective interaction of con- 
duction electrons in metallic spacer of sandwich 
with excitons in its outer insulating plates, it is 
necessary that metallic spacer width d should be 
of the order of d ~ 10 30 A. 

This idea of possibility to obtain the HTSC due 
to exciton mechanism with its realization, in par- 
ticular, in layered materials was undoubtely sup- 
ported in a number of works on the study of prop- 
erties of HTSC cuprates in the first year after their 
discovery (see, e.g., [111]). However, first conclu- 
sions on exciton mechanism of HTSC in cuprates 
appears to be doubted since for measurements 
there were available mainly polycrystalline sam- 
ples of cuprates. Theoretical works appeared in the 
same year as well as later also contained some dis- 
crepancies, up to the total negative conclusion rela- 
tive to observability of increase in T c due to exciton 
mechanism in sandwich-like structures because of 
relative smallness of this increase in their estima- 
tions (see, e.g. [12j]). So, 'the question on the role 
of exciton mecganism in known HTSC seems to be 
still quite unclear' 0, 0| . 

3. Planar 'sandwich' in conducting planes 
of HTSC cuprates ( and new iron-based su- 
percoductors (T j T*). In spite of negative re- 
sult of search for exciton mechanism due to layered 
structure in cuprates there are evidences indicat- 
ing that in cuprates it is formed another inhomoge- 
neous I/M/I-likc structure, realizing exciton mech- 
anism in these compounds. It is stripe structure 
(see, e.g. [lH) appearing in the Cu02-plane in nor- 
mal state (at T < T* w 140 -f- 200 K, depending on 
compound) , when the system enters the pseudogap 
regime (see below) . This structure consists of the 
system of periodically alternating parallel semi- 
insulating (spin) and conducting (charge) stripes: 
I/M/I/M/I-structure (see, Fig. lb). In conducting 
stripes density of mobile charge carriers is rela- 
tively high - 'metal' while in semi-insulating ones 
it is low - 'insulator'. In optimally doped cuprates, 
conducting stripes ('metal') have their width near 
d]\{ « 15 A, and the width of semi-insulating 
stripes ('insulator') is near di « 10 A 13]. So, 
this stripe structure can be considered as a series 
of in-plane I/M/I/M/I-sandwiches in which it is 
naturally realized spatial segregation of regions of 
conductivity and insulating (semi-insulating) ones. 

The feature of in-plane sandwich in this struc- 
ture is that insulating stripes-'plates' are magnetic 
in nature. As known, parent (undoped) cuprate 
compounds are antiferromagnetic (AF) insulators 
with Neel temperature T N ~ 300 - 500 K (de- 
pending on compound), with ordering type of com- 
mensurate spin density wave (SDW) - doubling 
of period (see, e.g. @). In doped cuprates, 



the decreasing of temperature results (in contrast 
to static, homogeneous AF-insulating ordering in 
Cu02-plane in undoped ones) in periodically mod- 
ulated magnetic structure (see, e.g. [3|) arising 
at T < T* < T N in this plane. This structure, 
dynamical, in general case, consists of a sequence 
of semi-insulating AF-domains (spin stripes) and 
domain walls which are a well conducting regions 
(charge stripes) forming due to bunching of excess 
mobile charge carriers coming to basic CuO— 2- 
plane in result of doping process. So formed AF 
structure appears to be energetically more stable 
for given system at T < T* . The magnetic struc- 
ture within these insulating domains (stripes) are 
almost antiferromagnetic (length of arrows inside 
these stripes in Fig. lb corresponds to the magni- 
tude of local magnetization), and adjacent AF in- 
sulating domains (stripes) are in antiphase to one 
another [l5| . Note that, according to these calcu- 
lations, the system of stripes in conducting planes 
of these compounds can be realized at T < T* not 
only in the form of vertical (or horizontal) sequence 
of alternating 'metallic' and 'insulating' stripes but 
in diagonal form as well as in the form of crossing 
stripes when symmetry of the system is unchanged 
(cf. with 18]), however, all effects characteristic 
for HTSC-sandwich with vertical stripes (Fig. lb) 
are here persisted. So, as a basis for such sub- 
lattice of quantum stripes [lU, 5-layer sandwich: 
I/M/I/M/I should be considered rather than 3- 
layer one: I/M/I/ as in Fig. la. 

The second feature of in-plane sandwich in given 
materials is its dynamical character: as it was 
obtained already in first works on the study of 
HTSC cuprates (see, e.g. [U,[l5[), stripe structure 
is in general case slowly fluctuating, with char- 
acteristic time of the order of 10 -12 sec. How- 
ever, since time of interaction of conduction elec- 
trons (mobile charge carriers) with excitons (see 
(2)) is much less than characteristic time of fluc- 
tuations of spin density then process of this in- 
teraction can be considered as instant, i.e. it is 
realized quasistatic regime what permits use, in 
adiabatic approximation, for sandwich-like struc- 
tures theoretical estimations obtained before for 
static case (see, e.g. 0). As for new iron-based 
superconductors, then in-plane 'sandwich' in con- 
ducting planes should be formed in them by charge 
stripes enriched with mobile charge carriers dur- 
ing doping ('metal') alternating with spin stripes 
with decreased density of mobile charge carriers 
(AF domains- 'plates'). Though 'plates' of in-plane 
'sandwich' in this case are not certainly insulating, 
but rather semi-metallic ones, such possibility of 
sandwich with semi-metallic, AF-ordered plates is 
also allowed by Ginzburg model of sandwich Q ■ 

4. Planar sandwich in CuC>2- and (FeAs-) 
planes as SDW/CDW system. As it was noted 
above, stripe structure in Cu02-plane of HTSC 
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cuprates appears in the normal state when in elec- 
tron energy spectra of the system it is formed the 
so called pseudogap which persists in supercon- 
ducting state also (T < T c < T*), down to low- 
est temperatures. Such a picture is characteris- 
tic for system with 'interference' of dielectric and 
superconducting pairing in which with decreasing 
temperature first at the part of the Fermi surface 
it is opened a dielectric gap £ due to electron- 
hole (e-h) pairing and only at lower temperature 
the superconducting gap A is formed due to (e-e) 
pairing (see, In particular, such behaviour 

is characteristic for systems of itinerant electrons 
with interplay of superconductivity and magnetism 
[19L I20I ] . In such systems dielectric transition oc- 
curing in the normal state at T < T* is realized 
in the form of transition of the system from spin- 
disordered state to the AF SDW state when at 
symmetric parts of the Fermi surface it is formed 
SDW-dielectric gap (pseudogap) with magnitude 
"^SDW and only at lower temperature T c < T* it 
occurs a superconducting transition (it is opened 
a superconducting gap A$c) so that at T < T c 
two order parameters (SDW + SC) coexist with 
one other in the system [2l| . In other words, 
from here it follows that in such system supercon- 
ducting transition is preceded by magnetic (AF 
SDW) phase transition (T c < T*). Indirect evi- 
dence for such (AF SDW) transition in cuprates 
was obtained by us before, on the basis of de- 
tailed analysis of in-plane resistive measurements 
in magnetic field (H\\c ) [22j, and recently, from 
detailed measurements of elastic scattering of po- 
larized neutrons (l8| . it was obtained a direct ev- 
idence for such magnetic transition in pseudogap 
regime for a number of HTSC cuprate compounds. 

In new iron-based superconductors, as it was 
already indicated from the first measurements at 
polycrystals (see, ej? [23]) it should be observed 
the same picture [17J. So, practically just it be- 
comes known that in undoped iron-based com- 
pounds (semi- metal), as in cuprates, it was fixed 
(and have been studied in details, in both resistive 
and neutron measurements (see, (3, fl^j). a transi- 
tion to AF SDW state commensurate with lattice, 
with Neel temperature Tn w 140 K but with par- 
tial (in contrast to total one in undoped cuprates) 
SDW-dielectrization of the spectra. (Here, it is 
necessary to note that the problem of phase tran- 
sition metal-insulator, with dielectrization of the 
electron energy spectra, was solved in well-known 
work [24[ just for the case of semi-metal). And in- 
deed, in spite of more complex band structure in 
iron-based compounds (as compared with the case 
of cuprates) (see, e.g. Q), in normal state of these 
compounds, also at T < T* it is observed pseudo- 
gap in electron energy spectra (cf. fUHH) (which, 
obviously can have more complex structure or to 
be a system of pseudogaps), persisting also in su- 



perconducting state (T < T c < T*). In addition, 
in literature (see, e.g. @, Qj]]) there are a num- 
ber of evidences indicating to SDW nature of the 
pseudogap observed in new iron-based supercon- 
ductors though direct observations of quasistatic, 
in general case, magnetic (SDW) order in doped 
compounds are absent at present (see, however, 
recent work [13|) (in cuprates, indirect (resistive) 
evidence for magnetic (AF SDW) phase transition, 
preceding SC one, was obtained in 1221) while direct 
(neutron) ones only recently in [18[, see above). 

Since SDW-period in conducting planes of 
HTSC-cuprates (and new iron-based superconduc- 
tors) is (in contrast to undoped (parent) systems) 
incommensurate with crystal lattice period, then 
formation of SDW is accompanied by generation in 
these planes of charge density wave (CDW) with 
one-half wavelength Xcdw = 0H3] and 

thus lattice deformation wave. As it's seen from 
Fig. lb, period of the SDW formed by spin stripes 
(arrows), because of antiphaseness of adjacent 
domain-stripes appears to be in two times larger 
than period of the CDW formed by equivalent 
to one another charge stripes (circles) (see, e.g., 
[28jl. This fact indicates again (see, Sec. 3) that 
as in-plane sandwich in these systems it should 
be taken a structure with 5 stripes I/M/I/M/I 
(Fig. lb) rather than with 3 elements (I/M/I) as in 
the case of nonmagnetic insulating plates (Fig. la). 

5. The character of excitons in HTSC- 
cuprates (and new iron-based superconduc- 
tors). The exciton characteristics in AF semi- 
insulating stripes-'plates' of planar sandwich in 
Cu02-plane of HTSC-cuprates (see, Fig. lb) are 
in fact determined by excitonic spectrum of AF- 
insulating CuC>2-planc in parent (undoped) com- 
pounds (e.g. La2Cu04 and Yl^CuaOg). This 
proposal is connected with fact that, as it was 
noted above (see Sec. 3), these AF semi-insulating 
stripes-'plates' of planar sandwich in Cu02-plane 
appear at T < T* < Tn in doped compounds 
in fact as a consequence of 'dicretization' of ini- 
tially homogeneous AF-insulating state of Cu02- 
planc (characteristic for undoped compounds of 
cuprates) to the system of insulating antiphase 
spin stripes-domains separated by charge stripes 
(domain walls) formed by excess mobile charge car- 
riers coming to Cu02-plane under doping process. 

As it was observed already in first measure- 
ments of optical absorption at single crystals of 
cuprates (see, e.g. [23]), in dielectric region of 
phase (T, a;)-diagram, in spectra, at long-wave side 
of low-energy (e = fiui < 3 eV) absorption edge, in 
the energy range around 1.5 eV, there were ob- 
served features characteristic for excitonic absorp- 
tion. Moreover, these features appeared only at 
polarization of the electic field in the incident wave 
in plane of Cu02-layers (E~\\ab) which fact indi- 
cates to planar character of excitons in cuprates 
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(at polarization of electric field in the incident wave 
normally to the plane of CuC>2-layers (E~ \\c) such 
features in spectrum were absent) (the discussion 
on properties of same 2D-excitons and anysotropy 
of optical absorption in crystals see, e.g. in 30]). 

This absorption edge is provided, (see, e.g. p9j), 
by interband transition with charge transfer (CT- 
transition): 02p — > Cu 3d x 2_ y 2 in Cu02-plane, 
with width of optical energy gap A C t ~ 1.5 eV, 
so that corresponding excitons in Cu0 2 -plane re- 
late to the class of charge transfer excitons (CT- 
excitons) (cf., [U HH). Such CT-excitons are 
formed in Cu02-planc in result of CT-transition 
between two subsystems in this plane, one of which 
is formed by square plaquette consisting of 4 O 
atoms in square vertices and Cu atom in the centre 
of this square, and as another subsystem it is con- 
sidered Cu atom from adjacent plaquette to which 
the electron from nearest to it O atom comes (for 
details, see e.g. (33|). In energy region to this pro- 
cess it corresponds interband transition from filled 
O 2p-band to empty Cu 3d-band. In result, both 
Cu cites appear to be spinless and then so-formed 
CT-excitons move across lattice in Cu02-plane co- 
herently, without disturbance of basic AF matrix 
of this plane (cf. [34[), in contrast to single electron 
or hole, movement of which in Cu02-plane appears 
to be incoherent leading to their localization [33[ . 

Experimentally, the mobility (derealization) of 
CT-excitons in Cu02-plane of these materials was 
established only recently, from measurements of 
high resolution resonant inelastic x-ray scattering 
- (RIXS)) at single crystals of parent, undoped AF 
insulating compound La2Cu04 |35| . Here, it is 
necessary to note that possibility of using of inelas- 
tic x-ray scattering to study the excitons of 'elec- 
tronic' type, slightly connected with lattice vibra- 
tions, was discussed in the work by Agranovich and 
Ginzburg [3p] (see, also [33]), for 45 years before 
the work [35]. Moreover, obtained in [30l. [36^ esti- 
mations of typical value of energy for 'electronic' 
exciton {Tllu > 1 eV), width of corresponding band 
(TiAlu > 0.5 eV) and even resolution of x-ray spec- 
trum apparatus (~ 0.3 eV) in fact coincide (!) with 
those for CT-excitons obtained in work 35]: en- 
ergy hu> < 1.5 eV, band width ~ 0.5 eV and 'high 
resolution of apparatus' (synchrotron) ~ 300 meV. 

This study demonstrates that CT-excitons 
in Cu02-plane are mobile quasiparticles with 
quadratic dispersion (in contrast to the case of lo- 
calized excitons in other isostructural compounds 
(e.g. La2Ni04)). In addition, the whole mass of 
CT-exciton M — m* + m* h , determining its mo- 
tion as a whole is equal, according to estimation 
in Wannier-Mott exciton model, M — 3.5 m e , that 
also is in agreement with estimations used before 
[30| . Here, m e is the mass of the free electron, m* 
and m* h are, respectively, effective masses of quasi- 
particle and quasihole forming an exciton. 



6. The effective parameters of a BCS model 
for planar CT-excitons in HTSC-cuprates 
(and new iron-based superconductors). So, 

as follows from these experiments, in material of 
insulating 'plates'-stripes of planar sandwich in 
Cu02-plane which, in fact, are result of 'discretiza- 
tion' of uniformly AF-ordered insulating Cu02- 
plane (characteristic for undoped compounds) (see, 
above, Sec. 3) can propagate CT-excitons with 
characteristic energy fko < 1.5 eV, providing the 
possibility for superconducting pairing of conduc- 
tion electrons (mobile charge carriers) in 'metallic' 
spacer of sandwich at higher T c due to exchange 
by these CT-excitons. The characteristic temper- 
ature ex , corresponding to this energy, is of the 
order of ~ 10000 — 15000 K, that is in agreement 
with estimations for this mechanism, see (2). Such 
agreement permits estimate effective parameter g, 
determining the measure of attraction of conduc- 
tion electrons (mobile charge carriers) in 'metallic' 
spacer. From expression (1) for critical temper- 
ature T c it follows that g ~ l/ln(Q ex /T c ) , and, 
for example, for maximum critical temperature 
T max ~ 90 K in optimally doped YBa 2 Cu 3 7 _ 5 
we have: g ~ 0.2. Analogously, for La2-a;Sr x Cu04 

Further, in undoped iron-based compounds, as 
follows from recent measurements of optical ab- 
sorbtion at single crystals (see, e.g. [13, HI]), fea- 
tures (under conditions of finite conductivity of 
these compounds) characteristic for excitonic ab- 
sorption in lightly doped cuprates were observed 
in spectrum at energy hu> ~ 0.65 eV, and, as 
in cuprates, at long-wave side of absorption edge, 
which can correspond (in analogy with cuprates) to 
CT-transition (cf. with [3^]) in conducting planes 
of these compounds. This energy corresponds to 
characteristic temperature of excitons of the or- 
der of Q ex ~ 7000 K, what, at maximum reached 
rpmax K 55 leads to the value of interaction 
constant also of the order g ~ 0.2. 

Since, in real HTSC single crystals, even at ex- 
citon mechanism, it is necessary to take into ac- 
count the interaction of conduction electrons (mo- 
bile charge carriers) with phonons (cf. [13]), then 
obtained above magnitudes of effective parame- 
ter g ~ 0.2, which are in agreement on the or- 
der of magnitude with calculated magnitudes for 
electron- phonon interaction in cuprates (see, e.g., 
[4lj]). and in new iron-based superconductors (see, 
e-g-, [i^). indicate to moderate force of both 
electron-phonon and electron-exciton interactions 
in both classes of these compounds. Thus, cor- 
relation of magnitudes of effective parameters O 
and g in BCS model (1) obtained for both classes 
of compounds (see, also (2)) denotes in fact that 
high values of critical temperature of supercon- 
ducting transition in these compounds are pro- 
vided by combination of both parameters in (1): 
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sharp rise of pre-exponential factor 9 due to mo- 
bile, planar CT-excitons and increase of density of 
states in exponent index g, due to partial SDW- 
dielecrization of electron energy spectra (accom- 
panied by formation of in-plane sandwich in con- 
ducting planes) in the normal state. 

It is interesting that in fact to the same con- 
clusion that high critical temperature of supercon- 
ducting transition in cuprates is a result of com- 
bination of contributions from excitons and mod- 
erate phonon mechanism came and author of pi- 
oneer work [j| Little with coauthors (43J. In this 
recent work, with using of precisious measurements 
of optical absorption in thin crystalline films of 
Tl 2 Ba 2 CaCu20g it was studied frequency depen- 
dence of relation of magnitudes of optical conduc- 
tivity in superconducting a s and normal cr n (T > 
Tc)) states: Re[a s (u)/a n (u)] . At experimental 
curve there was observed a declination from known 
calculated dependence in frames of the BCS theory 
[H|], in particular, at energy Huj w 1.2 and 1.7 eV, 
which with taking into account measured RIXS- 
spectra (cf. with above [13, HEUll) were treated 
as exciton peaks, corresponding to electronic exci- 
tations in the copper subsystem (cf., however [29]). 
The characteristic temperatures corresponding to 
obtained energies are in agreement on the order 
of magnitude (<d e x ~ 10 4 K), with both obtained 
above corresponding temperatures in Cu02-planes 
of LSCO and YBCO and with (2). And value of 
T c as 105K for their films results also in g ~ 0.2. 

7. The onset temperature of supercon- 
ducting transition (T° nset ) at exciton mecha- 
nism in cuprates (and new iron-based super- 
conductors. Though, principal scheme of man- 
ifestation of the Little-Ginzburg exciton mecha- 
nism in doped compounds of cuprates (and new 
iron-based superconductors) are already above de- 
scribed, however, in real systems there is exists a 
number of features caused by additional factors de- 
termining behaviour of the system of mobile charge 
carriers in the normal state and decreasing thus 
real temperature of superconducting transition in 
the system. So, for example, it is necessary to 
take into account role of fluctuations of magnetic 
(SDW) order parameter (amplitude spin fluctua- 
tions of local spin density) characteristic for mag- 
netic systems of itinerant electrons (see, e.g. [20| ) 
which gives rise, in particular, to additional (to 
phonon one p p h(T)) contribution p m (T) to the to- 
tal resistivity p tot (T) ( p to t(T) = p P h{T)) + p m (T), 
usual approach for magnetic metals, see, e.g. [281]). 
This contribution p m (T) to resistivity disappears 
(characteristic time of fluctuations of spin subsys- 
tem is noticeably larger than characteristic time of 
electronic processes) at temperatures determined 
by parameters of real system. 

Experimentally, onset temperature of supercon- 
ducting transition T° nset for concrete HTSC single 



crystal can be determined from point of intersec- 
tion of temperature dependence of in-plane resis- 
tivity p(T) with well known universal Gruneisen- 
Bloch curve determining temperature dependence 
of phonon contribution in resistivity Pph(T) in 
most metals 0] (for more details, see |l7|, l22j). 
At this temperature, the behaviour of the system 
of mobile charge carriers in 'metallic' spacer (M) of 
in-plane sandwich begins to be determined (with- 
out taking into account the influence of its 'insulat- 
ing' plates (I)) only by interaction with phonons, 
which, however, as follows from expression (1), ap- 
pears to be not so strong for Cooper pairing of 
mobile charge carriers at given temperature, even 
under conditions of increased density of states at 
the ends of SDW-dielectric gap (pseudogap) at the 
Fermi surface (T < T*) pj, [|l|. Because of this, 
'insulating' plates (I) of in-plane sandwich play 
here a crucial role - it is turned on the interaction 
of mobile charge carriers in 'metallic' spacer (M) 
of in-plane sandwich with CT-excitons in its 'insu- 
lating' plates (I) (with essentially wider region of 
energy for interaction near the Fermi surface than 
only at phonon mechanism) leading to their effec- 
tive Cooper pairing and transition of the system to 
superconducting state at given (unreally high for 
only phonon mechanism) temperature. 

Then, as follows from above, excitons ('polar- 
ization waves ' SHU HI) horn insulat ing stripe- 
' plate' of in-plane sandwich (Fig. lb) can interact 
with mobile charge carriers in its 'metallic' stripe- 
spacer, even from two sides, providing thus addi- 
tional mutual interaction of mobile charge carriers 
due to exchange by mobile, planar CT-excitons 
giving rise to formation of Cooper pairs and su- 
perconducting transition at temperature signifi- 
cantly higher than phonon limit ( T^ h < 40 K, see, 
e.g., 9]). On the other hand, it is necessary also 
note that in the systems under consideration, since 
width of 'insulating' plates (I) of in-plane sand- 
wich satisfies the conditions for Josephson tunnel- 
ing, mobile charge carriers from adjacent 'metal- 
lic' spacers (M) are able to form a Cooper pairs 
(due to exchange by mobile, planar CT-excitons 
from 'insulating' plates (I) between them) what 
is consistent with the fact that e.g. in YBCO- 
system the distance between 'metallic' spacers (M) 
in planar sandwich - CDW wavelength (Acdw)i 
is equal to coherence length in Cu02-plane (£ a f,): 
Cah w \cdw « 25 A H2, [H. So, adjacent AF 
ordered 'insulating' plates-domains (I) of in-plane 
sandwich, because of their antiphasness can pro- 
vide additional stabilization of the system (at given 
(high) temperature) due to co-phasing of spins of 
mobile charge carriers in its adjacent equivalent 
'metallic' spacers (M) (domain walls). 

Of course, presented here picture is schematic 
enough and needs in further development however, 
it, at least, permits describe from unified viewpoint 
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so-called 'anomalous' behavior of these supercon- 
ductors and obtain self-consiste nt, quan titative es- 
timations of critical parameters [22, |28| . It also in- 
dicates possible ways of increasing of critical tem- 
perature (RTSC) in similar, layered AF-ordered 
compounds with CT-transition in plane of layers 
as well as in conducting, artificial inhomogeneous 
sandwich-like systems, where insulating material 
of plates is AF-ordered [46] , what permits to hope 
for further increase of critical temperature in such 
compounds in near future. 

8. Possibility of creation of new artifi- 
cial HTSC (RTSC) superlattices with AF- 
insulating layers. The picture of stripes in 
CuC>2-plancs of HTSC and determination of their 
widths [13| led in beginning of 90th to attempts to 
reconstruct such stripe structure with critical tem- 
perature T c ~ 300 K (RTSC) artificially on the 
basis of metallic structure at the atomic limit (see 
(48| ) , which can be realized with using of molecu- 
lar beam epitaxy evaporation, lithography, chem- 
ical sintesis, electrochemical deposition etc. Such 
superconducting heterostructure is formed by su- 
perlattice of quantum elements (wires by thikness 
~ 10 A) of one material (metal) incorporated be- 
tween another ones (insulator), which provides pe- 
riodic potential barrier for electrons in first one. 

However, in this picture the insulating elements 
of such superlattice are considered only as creat- 
ing periodic potential for metallic elements with- 
out taking into account their magnetic nature. Of 
course, from viewpoint of exciton mechanism such 
structure (in 2D version) can be considered as 
planar 'sandwich' but only as 3-layer I/M/I het- 
erostructure (see Fig. la). The taking into account 
the magnetic nature of 'insulating' stripes permits 
propose a number of new ways to model HTSC 
cuprates. Most direct of them is creation of arti- 
ficial magnetic (insulating) stripes in planes par- 
allel to conducting planes of HTSC or (and) AF- 
insulating layers with corresponding metallic ones 
realizing SDW/CDW structure with charge and 
AF-insulating stripes in cross-section, see Fig.lc. 

The works of such type on HTSC, at present 
time, as known, are performed. First, it is nec- 
essary to note experiments with atomically plane 
thin HTSC films and heterostructures (multilay- 
ered structures, superlattices) [49j. For these ex- 
periments, with using of molecular beam epitaxy 
there were created cuprate HTSC-heterostructures 
with atomically smooth surfaces and interfaces. 
Further, in the process of growth of structure, in 
real-time regime, with using of special precisious 
apparatus it was controlled the crystal structure of 
the surface, chemical composition of surface lay- 
ers etc. what permitted directly correct a tech- 
nological regime. There were studied the effects 
of contact of thin layers of HTSC cuprates with 
different level of doping (undoped, underdoped, 



optimally doped, overdoped). In particular, it 
was obtained superconductivity with high T c at 
the boundary of double layers consisting of two 
non-superconducting (overdoped and underdoped) 
cuprates (LSCO). 

To the same class of experiments, obviously, can 
be related also that in [5fj|, where film of LSCO, 
with width ~ 150 A was grown with using of molec- 
ular epitaxy at SrLaA104 substrate which lattice 
period was slightly different from lattice period of 
the film grown. Incommensurateness of lattices led 
to twofold increase of T c as compared with bulk 
sample. Increase of T c in these cases can be caused 
by secondary effect (see above, Sec. 4) namely, cre- 
ation of lattice deformation wave in the sample 
of HTSC cuprate at given temperature which can 
lead to generation of CDW and hence SDW in con- 
ducting planes (formation of stripe structure (a se- 
ries of in-plane sandwiches)) and thus to both in- 
crease of density of states at the Fermi surface and 
appearance of conditions for effective interaction of 
mobile charge carriers in 'metallic' stripes and mo- 
bile CT-excitons in 'insulating' stripes, and, hence, 
to superconducting transition at higher tempera- 
ture due to combination of these two factors. 

In general case, for creation of artificial 
sandwich-like structures with AF-insulating 
layers-plates (see Fig.lc and (ill) it can be used 
a technology of layer-by-layer evaporation of 
alternating layers metal/insulator: such methods 
with evaporation of layers with width ~ 10 A 
are used at production of x-ray mirrors (see, e.g. 
(5l|). structures with giant magnetoresistance 
(see, e.g. [EH), and namely superconducting 
heterostructures metal/semiconductor [531 ] . 

9. Conclusion. So, performed analysis demon- 
strates that in both cuprates and new iron-based 
superconductors there are satisfied all conditions 
of Ginzburg, optimal for realization of exciton 
mechanism in HTSC-sandwich (Fig.l) which were 
formulated by him in the end of 60th [7|: 

d ~ 10-301, n ~ 10 18 - 10 23 cm" 3 , 
hw ex ~ 0.3 - 3 eV, HAuj - 0.1 - 3 eV. 

Moreover, appearance of high-temperature 
(middle-temperature) superconductivity already 
in second class of layered AF systems with 
transition of parent (undoped) system to commen- 
surate SDW state with total (cuprates) or partial 
(iron-based compounds) SDW-dielectrization of 
electron energy spectrum and appearance in the 
system of mobile, planar CT-excitons is important 
in search for HTSC and RTSC in such systems 
which can be at present considered as most 
promising. The key moment in such search can 
be study of layered systems of transition metals 
with high value of energy of CT-transition in 
plane of layers which in parent (undoped) state 
are instable relative to transition to the state with 
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commensurate CDW when in the system it occurs 
a total (CT-insulator) or partial (CT-semi-metal) 
SDW-dielectrization of electron energy spectra. 
The search for such compounds obviously should 
be performed with using of measurements of opti- 
cal absorption at single crystals, at polarization of 
electric vector in incident wave parallel to layers 
(E~\\ab). After selection of promising compounds 
it can be realized their doping to perform the test 
for superconductivity with using of measurements 



of susceptibility or resistivity at T < 300 K. Since 
materials of such type are well known enough and 
after discovery of new iron-based superconductors, 
the investigation on search for similar compounds 
is coming intensively, then, in principle, it is 
possible to wait an appearence of RTSC in them 
in near future. 

The author is thankful to V.L.Ginzburg for a 
critical reading of the work. 
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FIG. 1: The sketch of HTSC-sandwich-like system, 
a) 3-layer Ginzburg HTSC-sandwich with insulating 
outer plates and metallic spacer (shaded) between 
them; d is the thickness of the metallic spacer; two 
circles in the middle of metallic spacer correspond to 
conduction electrons which are attracted to one other 
via exchange by virtual excitons (wavy lines), see, 
e.g. 7]. b) 5- layer planar 'HTSC-sandwich' (stripe 
structure) in the Cu02 plane of cuprates: insulating 
'plates' (semi-insulating, spin stripes) are AF-ordered 
(arrows indicate direction of local magnetization inside 
the 'plate', the length of arrow corresponds to magni- 
tude of this magnetization, after |l5j|); 'metallic-spacer' 
(conducting, charge stripes) regions are shaded, circles 
in these regions correspond to mobile charge carriers. 
The 'insulating-plate' and 'metallic-spacer' widths cor- 
respond to the cuprates with optimal doping [l3j]. Note 
that nearest insulating 'plates' are in antiphase to one 
other, and the spin density wave (SDW) formed by 
them as well as accompanying it the charge density 
wave (CDW) formed by equivalent 'metallic spacers' 
are incommensurate with the lattice period (see, e.g. 
[4(| and references therein); c) artificial multilayered 
structure metal/ AF-insulator, cross section of which 
corresponds to in-plane sandwich in Fig. lb. 



